The use of information theory to design waveforms for the measurement of extended radar targets exhibiting resonance phenomena is investigated. The target impulse response is introduced to model target scattering behavior. Two radar waveform design problems with constraints on waveform energy and duration are then solved. In the first, a deterministic target impulse response is used to design waveform/receiver-filter pairs for the optimal detection of extended targets in additive noise. In the second, a random target impulse response is used to design waveforms that maximize the mutual informaensemble and the received sigoise. The two solutions are ifference between the charr extended target detection and information extraction. The optimal target detection solution places as much energy as possible in the largest target scattering mode under the imposed constraints on waveform duration and energy. The optimal information extraction solution distributes the energy among the target scattering modes in order to maximize the mutual information between the target ensemble and the received radar waveform.
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Summary
The application of information theory to radar was originally considered by Woodward and Davies [l, 21, who used information theoretic ideas to formulate the a posteriori radar receiver. They also made the observation that, although radar system design that maximizes the signal-to-noise ratio at the receiver output achieves the best target detection performance, it does not necessarily provide the greatest "information gain" about the target. By "information gain," they were referring t o the mutual information between a random target parameter to be determined and the measured radar observation of the target. They did not, however, pursue this idea further and investigate the design of radar waveforms and receiver fiIters that maximize the mutual information between the observed target and the radar measurement of the timal waveform and receiver filter design for both the detection and information extraction in the case of extended radar targets. Detailed treatments of these problems can be found in [3] .
First we consider the design of the optimal waveform/receiver-filter pair for optimal detection of an extended target with a given target impulse response under constraints on waveform energy and time duration in the presence of widssense stationary additive noise. The receiver filter is seen to be a straightforward generalization of the matched filter. However, the overall signal-to-noise ratio is dependent on the transmitted waveform. The transmitted target. In this talk, w e investigate the problem of o p waveform that maximizes the signal-to noise ratio is that which places as much of the transmitted energy as possible into the largest scattering mode of the target under the imposed duration and energy constraints. This waveform can be found by solving a F'redholm integral equation whose kernel is a function of the target impulse response and the power spectral density of the additive noise.
Next we examine the problem of designing waveforms that maximize the mutual information between a random extended target ensemble and the associated radar measurement in the presence of additive Gaussian noise. Here, the random target ensemble is modeled by a target impulse response that is assumed to be a non-stationary finite-energy Gaussian random process whose spectral-mean and spectralvariance are known. We solve for the family of waveforms that maximize the mutual information between the target ensemble and the measurement under constraints on waveform energy and duration. The resulting family of optimal waveforms can be interpreted as spreading the energy in the transmitted waveform under the among the various target scattering modes in such a way that the mutual information is maximized. The solution has the spectral form of the "water-pouring problem" in continuous waveform design, with parameters given in terms of the target ensemble's spectral-variance and the power spectral density of the additive noise.
We then note the physical interpretation of radar waveform design in terms of distributing energy among the various scattering modes of the target and note the distinct difference between optimal detection waveforms and optimal information extraction waveforms when viewed in this context. This serves to illuminate the distinct differences between optimal waveforms for these two tasks when making measurements of extended radar targets.
